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Abstract

Improved simulation methods to control the temperature in thermoplastic extrusion

Thermoplastic  extrusion  is  a  widely  utilized  method  for  processing  thermoplastic  materials,  with

temperature control being a critical factor impacting product quality due to the temperature sensitivity of

thermoplastic materials.  Current computer-aided engineering (CAE) tools for modeling the extrusion

process  often  oversimplify  the  temperature  field  calculation,  relying  on  approximations  such  as

performing  the  temperature  calculation  just  to  to  the  flow  channel  surfaces.  Practical  extrusion

processes, on the other hand, use sensors at specific locations to monitor the temperature and control

the operation of the heating devices, creating a gap between simulation and real-world control systems.

The consequences of these differences were never assessed before. This MSc dissertation addresses

these shortcomings by introducing a multi-region modeling approach that faithfully represents the actual

setup and behavior of extrusion temperature control systems.

Within this master's dissertation, a novel methodology is presented, aimed at overcoming the limitations

of  current  state-of-the-art  numerical  modeling  in  profile  extrusion  transformation  processes.  The

approach  focus  on  achieving  more  realistic  temperature  control  conditions,  departing  from  the

simplifications  employed  in  previous  approaches.  Key  contributions  include  the  development  of  a

transient,  incompressible,  non-isothermal,  and multi-region  solver  incorporated into  the  OpenFOAM

computational  library.  Additionally,  a  specialized  boundary  condition  is  introduced  to  emulate

Proportional-Integral-Differential  (PID)  control  of  heaters  based  on  real-time  thermocouple

measurements.  The  study's  findings  reveal  deviations  in  temperature  fields  at  flow  channel  walls

compared to conventional assumptions, while demonstrating reduced effects on the velocity field and

flow uniformity at the outlet, particularly during steady-state operation conditions. 

The  outcomes  of  this  MSc project  significantly  contribute  to  advancing  our  comprehension  of  the

thermal aspects in extrusion processes, providing valuable insights for optimizing temperature control

within  the  process.  The  developed  models  and  analyses  establish  a  strong  foundation  for  future

research  in  this  domain  and  pave  the  way  for  the  development  of  more  efficient  and  precise

temperature control strategies in thermoplastic extrusion.

Keywords: multi-region simulation, numerical modeling, OpenFOAM®, polymer profile extrusion
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(Eq.3) and for the solid (Eq.(4),



Eq.(6),





The implementation of the multi-region capacity in pimpleFoam solver was achieved by creating and

including the file 'createMesh.C' in the main solver file. The code for this implementation is presented in

Figure 17 and Figure 18 which are the part of the code where the mesh reading is defined.

Figure 17: Fluid mesh creation implementation on createMesh.C

Figure 18: Solid mesh creation implementation on createMesh.C

To add the needed temperature fields (fluid, Tf, and solid, Ts) to the multi region solver, they must be

declared in the file “createFields.C” as shown at  Figure 19, linking each variable, Tf and Ts to its mesh

domain, “fluidMesh” and “solidMesh”, respectivily.
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28  Info << "Create fluid mesh";
29  
30  fvMesh fluidMesh
31  (
32  IOobject
33  (
34  "fluid",
35  runTime.timeName(),
36  runTime,
37  IOobject::MUST_READ
38  )
39  );

41  Info << "Create solid mesh"; 
42  fvMesh solidMesh
43  (
44  IOobject
45  (
46  "solid",
47  runTime.timeName(),
48  runTime,
49  IOobject::MUST_READ 
50  )
51  );
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Eq.(9),
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Eq.(10)
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viscosity at zero shear rate
viscosity at infinite shear rate
relaxation time
power-law index
activation energy divided by the 
universal gas constant
reference temperature
thermal diffusivity
specific heat capacity
thermal conductivity

.

.

Symbol



thermal diffusivity

thermal conductivity

Property Symbol



F

Proportional gain
Integral gain
Derivative gain
Room Temperature
Target Temperature
Conductivity
Heat transfer coefficient
Heat flux
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Property Symbol





Mesh 2

subsquent studies.



 observed temperature peak in the sensor and the time lag between the control location and the

measurement location is a common characteristic in control systems



r



are presented in  Figure 34, where the "-10%" curve represents the farthest distance from the outlet to

the thermocouple, while the "+10%" curve represents the closest distance. Based on these findings, it

can be concluded that, for this system, the placement of the thermocouple close to the inlet has a

negligible effect on temperature fluctuations. However, when the thermocouple is positioned farther

away from the inlet, larger temperature fluctuations are observed. This is likely due to its proximity to

the outlet, causing the sensor to detect temperature changes more rapidly, resulting in longer heater

operation  times and subsequently  higher outlet  temperatures.  Similar  to  previous observations,  an

increasing amplitude of temperature fluctuations was noted, indicating that the system loses more heat

through its  outer  walls  than through the fluid outlet,  consequently  leading to  a  rise  in  the outlet's

average  temperature  each  time  the  heater  activates.  However,  for  longer  periods  the  steadystate

oscilation is expected.

Figure 34: 2D case study effect of sensor distance to flow channel inlet

The results  presented in  the 2D case  study have effectively  assessed and validated the  approach

implemented in  OpenFOAM. Furthermore,  from a qualitative  perspective,  the solver  has accurately

resolved the  fields  of  temperature,  pressure,  and velocity,  as  illustrated in   Figure  35,  where  the

temperature field exhibits continuity and higher values near the heater. In  Figure 36, the pressure field

is also continuous, with higher pressure at the inlet compared to the outlet, demonstrating variation

along the channel. Finally,  Figure 37 displays a velocity field with a parabolic profile, further confirming

the correctness of the solver's performance.
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Figure 35: 2D case study temperature field (t=1000s)

Figure 36: 2D case study pressure field (t=1000s)

Figure 37: 2D case study velocity field(t=1000s)
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4. INDUSTRIAL CASE STUDY

In this section, three distinct  approaches for modeling the extrusion process are presented, and a

comparative analysis is conducted to assess the influence of the simplifications currently employed in

the modeling of the extrusion process.

4.1. PRESENTATION

The industrial case study focuses on the production of a LED encasing profile, as depicted in Figure

38. The extrusion die used in this study comprises two different regions with independent heaters, the

adapter  and  the  die  land,  as  illustrated  in  Figure  39 .  Additionally,  each  heater  has  its  own

thermocouple, as shown in Figure 40. To accurately represent the flow channel and die geometry, the

CAD software was utilized to create the corresponding models.

Figure 38: Industrial case study profile cross-section

Figure 39: Industrial case study extrusion die zones
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Figures 44,45 and 46



Figures 47 and 48.

generated meshes with surfaces allocated to the wrong domain

and that invalidated the mesh.



In Figures 49 and 50,



Temperature evolution in the adapter region

Temperature evolution in the die region



. Comparing the temperature fields calculated from the different 

simulation approaches, it is also possible

. This

, except ES7

,

Analysing ,

clear



Figure 52: Industrial case study temperature field , comparison

between conventional , multi-region and mixed approaches

Figure  53:   Industrial  case  study  pressure  field  ,  comparison

between conventional, multi-region and mixed approaches
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APPENDIX 1 – INITCONTINUITYERRS.H CODE

 1  /*---------------------------------------------------------------------------*\
 2  ========= |
 3  \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
 4  \\ / O peration |
 5  \\ / A nd | www.openfoam.com
 6  \\/ M anipulation |
 7  -------------------------------------------------------------------------------
 8  Copyright (C) 2011 OpenFOAM Foundation
 9  Copyright (C) 2019 OpenCFD Ltd.
10  -------------------------------------------------------------------------------
11  License
12  This file is part of OpenFOAM.
13  
14  OpenFOAM is free software: you can redistribute it and/or modify it
15  under the terms of the GNU General Public License as published by
16  the Free Software Foundation, either version 3 of the License, or
17  (at your option) any later version.
18  
19  OpenFOAM is distributed in the hope that it will be useful, but WITHOUT
20  ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
21  FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
22  for more details.
23   
24  You should have received a copy of the GNU General Public License
25  along with OpenFOAM. If not, see <http://www.gnu.org/licenses/>.
26  
27  Global
28  cumulativeContErr
29  
30  Description
31  Declare and initialise the cumulative continuity error.
32  
33  \*---------------------------------------------------------------------------*/
34  
35  #ifndef initContinuityErrs_H
36  #define initContinuityErrs_H
37  
38  // * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
39  
40  uniformDimensionedScalarField fluidcumulativeContErrIO
41  (
42  IOobject
43  (
44  "cumulativeContErr",
45  runTime.timeName(),
46  "uniform",
47  fluidMesh,
48  IOobject::READ_IF_PRESENT,
49  IOobject::AUTO_WRITE
50  ),
51  dimensionedScalar(dimless, Zero)
52  );
53  scalar& cumulativeContErr = fluidcumulativeContErrIO.value();
54  
55  // * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
56  
57  #endif
58  
59  // ************************************************************************* //
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APPENDIX 2 – CONTINUITYERRS.H CODE

 1  /*---------------------------------------------------------------------------*\
 2  ========= |
 3  \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
 4  \\ / O peration |
 5  \\ / A nd | www.openfoam.com
 6  \\/ M anipulation |
 7  -------------------------------------------------------------------------------
 8  Copyright (C) 2011 OpenFOAM Foundation
 9  -------------------------------------------------------------------------------
10  License
11  This file is part of OpenFOAM.
12  
13  OpenFOAM is free software: you can redistribute it and/or modify it
14  under the terms of the GNU General Public License as published by
15  the Free Software Foundation, either version 3 of the License, or
16  (at your option) any later version.
17  
18  OpenFOAM is distributed in the hope that it will be useful, but WITHOUT
19  ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
20  FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
21  for more details.
22  
23  You should have received a copy of the GNU General Public License
24  along with OpenFOAM. If not, see <http://www.gnu.org/licenses/>.
25  
26  Global
27  continuityErrs
28  
29  Description
30  Calculates and prints the continuity errors.
31  
32  \*---------------------------------------------------------------------------*/
33  
34  {
35  volScalarField contErr(fvc::div(phi));
36  
37  scalar sumLocalContErr = runTime.deltaTValue()*
38  mag(contErr)().weightedAverage(fluidMesh.V()).value();
39  
40  scalar globalContErr = runTime.deltaTValue()*
41  contErr.weightedAverage(fluidMesh.V()).value();
42  cumulativeContErr += globalContErr;
43  
44  Info<< "time step continuity errors : sum local = " << sumLocalContErr
45  << ", global = " << globalContErr
46  << ", cumulative = " << cumulativeContErr
47  << endl;
48  }
49  
50  // ************************************************************************* //

APPENDIX 3 – TFLUID.H CODE

 1  volTensorField gradU = fvc::grad(U);
 2  volScalarField nu = laminarTransport.nu();
 3  volTensorField tau = nu*(gradU + gradU.T());
 4  fvScalarMatrix fluidTEqn
 5  (
 6  fvm::ddt(Tf)
 7  + fvm::div(phi,Tf)
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 8  - fvm::laplacian(DTf,Tf)
 9  - (1/c_)*(tau && gradU)
10  );

APPENDIX 4 – TSOLID.H CODE

1  fvScalarMatrix solidTEqn
2  (
3  fvm::ddt(Ts)
4  - fvm::laplacian(DTs,Ts)
5  );

APPENDIX 5 – CREATEMESH.H CODE

 1  /*---------------------------------------------------------------------------*\
 2  ========= |
 3  \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
 4  \\ / O peration |
 5  \\ / A nd | www.openfoam.com
 6  \\/ M anipulation |
 7  -------------------------------------------------------------------------------
 8  Copyright (C) 2018-2021 OpenCFD Ltd.
 9  -------------------------------------------------------------------------------
10  License
11  This file is part of OpenFOAM, distributed under GPL-3.0-or-later.
12  
13  Description
14  Create a fvMesh (specified region or defaultRegion) with
15  additional handling of -dry-run and -dry-run-write options.
16  
17  Required Variables
18  - args [argList]
19  - runTime [Time]
20  
21  Provided Variables
22  - regionName [word]
23  - mesh [fvMesh]
24  - meshPtr [autoPtr<fvMesh>]
25  
26  \*---------------------------------------------------------------------------*/
27  
28  Info << "Create fluid mesh";
29  
30  fvMesh fluidMesh
31  (
32  IOobject
33  (
34  "fluid",
35  runTime.timeName(),
36  runTime,
37  IOobject::MUST_READ
38  )
39  );
40  
41  Info << "Create solid mesh"; 
42  fvMesh solidMesh
43  (
44  IOobject
45  (
46  "solid",
47  runTime.timeName(),
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48  runTime,
49  IOobject::MUST_READ 
50  )
51  );
52  
53  // ************************************************************************* //

APPENDIX 6 – CREATEFIELDS.H CODE

  1  #include "createRDeltaT.H"
  2  
  3  Info<< "Reading field p\n" << endl;
  4  volScalarField p
  5  (
  6  IOobject
  7  (
  8  "p",
  9  runTime.timeName(),
 10  fluidMesh,
 11  IOobject::MUST_READ,
 12  IOobject::AUTO_WRITE
 13  ),
 14  fluidMesh
 15  );
 16  
 17  Info<< "Reading field U\n" << endl;
 18  volVectorField U
 19  (
 20  IOobject
 21  (
 22  "U",
 23  runTime.timeName(),
 24  fluidMesh,
 25  IOobject::MUST_READ,
 26  IOobject::AUTO_WRITE
 27  ),
 28  fluidMesh
 29  );
 31  Info<< "Reading field Tfluid\n" << endl;
 32  volScalarField Tf
 33  (
 34  IOobject
 35  (
 36  "T",
 37  runTime.timeName(),
 38  fluidMesh,
 39  IOobject::MUST_READ,
 40  IOobject::AUTO_WRITE
 41  ),
 42  fluidMesh
 43  );
 44  
 45  Info<< "Reading field Tsolid\n" << endl;
 46  volScalarField Ts
 47  (
 48  IOobject
 49  (
 50  "T",
 51  runTime.timeName(),
 52  solidMesh,
 53  IOobject::MUST_READ,
 54  IOobject::AUTO_WRITE
 55  ),
 56  solidMesh
 57  );

54



 58  
 59  IOdictionary solidTransportProperties
 60  (
 61  IOobject
 62  (
 63  "transportProperties",
 64  runTime.constant(),
 65  solidMesh,
 66  IOobject::MUST_READ,
 67  IOobject::NO_WRITE
 68  )
 69  );
 70  Info<< "\tReading solid thermal diffusivity\n" << endl;
 71  volScalarField DTs
 72  (
 73  IOobject
 74  (
 75  "DT",
 76  runTime.timeName(),
 77  solidMesh,
 78  IOobject::NO_READ,
 79  IOobject::NO_WRITE
 80  ),
 81  solidMesh,
 82  dimensionedScalar
 83  (
 84  "DT",
 85  dimViscosity,
 86  solidTransportProperties.lookup("DT")
 87  )
 88  );
 89  Info<< "\tReading solid thermal conductivity\n" << endl;
 90  volScalarField kappaS
 91  (
 92  IOobject
 93  (
 94  "kappa",
 95  runTime.timeName(),
 96  solidMesh,
 97  IOobject::NO_READ,
 98  IOobject::NO_WRITE
 99  ),
100  solidMesh,
101  dimensionedScalar
102  (
103  "kappa",
104  dimViscosity,
105  solidTransportProperties.lookup("kappa")
106  )
107  );
108  IOdictionary fluidTransportProperties
109  (
110  IOobject
111  (
112  "transportProperties",
113  runTime.constant(),
114  fluidMesh,
115  IOobject::MUST_READ,
116  IOobject::NO_WRITE
117  )
118  ); 
119  Info<< "\tReading fluid thermal conductivity\n" << endl;
120  volScalarField kappaF
121  (
122  IOobject
123  (
124  "kappa",
125  runTime.timeName(),
126  fluidMesh,
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127  IOobject::NO_READ,
128  IOobject::NO_WRITE
129  ),
130  fluidMesh,
131  dimensionedScalar
132  (
133  "kappa",
134  dimViscosity,
135  fluidTransportProperties.lookup("kappa")
136  )
137  ); 
138  Info<< "\tReading fluid thermal diffusivity\n" << endl;
139  volScalarField DTf
140  (
141  IOobject
142  (
143  "DT",
144  runTime.timeName(),
145  fluidMesh,
146  IOobject::NO_READ,
147  IOobject::NO_WRITE
148  ),
149  fluidMesh,
150  dimensionedScalar
151  (
152  "DT",
153  dimViscosity,
154  fluidTransportProperties.lookup("DT")
155  )
156  );
157  volScalarField c_
158  (
159  IOobject
160  (
161  "c",
162  runTime.timeName(),
163  fluidMesh,
164  IOobject::NO_READ,
165  IOobject::NO_WRITE
166  ),
167  fluidMesh,
168  dimensionedScalar
169  (
170  "c",
171  fluidTransportProperties.lookup("c")
172  )
173  ); 
174  #include "createPhi.H"
175  
176  label pRefCell = 0;
177  scalar pRefValue = 0.0;
178  setRefCell(p, pimple.dict(), pRefCell, pRefValue);
179  fluidMesh.setFluxRequired(p.name());
180  
181  singlePhaseTransportModel laminarTransport(U, phi);
182  
183  autoPtr<incompressible::turbulenceModel> turbulence
184  (
185  incompressible::turbulenceModel::New(U, phi, laminarTransport)
186  );
187  
188  #include "createMRF.H"
189  #include "createFvOptions.H"
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APPENDIX 7 – CHTMULTIREGIONPIMPLEFOAM.H CODE

  1  /*--------------------------------------------------------------------------*\
  2  ========= |
  3  \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
  4  \\ / O peration |
  5  \\ / A nd | www.openfoam.com
  6  \\/ M anipulation |
  7  ------------------------------------------------------------------------------
  8  Copyright (C) 2011-2017 OpenFOAM Foundation
  9  Copyright (C) 2019 OpenCFD Ltd.
 10  ------------------------------------------------------------------------------
 11  License
 12  This file is part of OpenFOAM.
 13  
 14  OpenFOAM is free software: you can redistribute it and/or modify it
 15  under the terms of the GNU General Public License as published by
 16  the Free Software Foundation, either version 3 of the License, or
 17  (at your option) any later version.
 18  
 19  OpenFOAM is distributed in the hope that it will be useful, but WITHOUT
 20  ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
 21  FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
 22  for more details.
 23  
 24  You should have received a copy of the GNU General Public License
 25  along with OpenFOAM. If not, see <http://www.gnu.org/licenses/>.
 26  
 27  Application
 28  chtMultiPimpleFoam.C
 29  
 30  Group
 31  grpIncompressibleSolvers
 32  
 33  Description
 34  Multi-region Transient solver for incompressible, turbulent flow of Newtonian 
fluids
 35  on a moving mesh.
 36  
 37  \heading Solver details
 38  The solver uses the PIMPLE (merged PISO-SIMPLE) algorithm to solve the
 39  continuity equation:
 40  
 41  \f[
 42  \div \vec{U} = 0
 43  \f]
 44  
 45  and momentum equation:
 46  
 47  \f[
 48  \ddt{\vec{U}} + \div \left( \vec{U} \vec{U} \right) - \div \gvec{R}
 49  = - \grad p + \vec{S}_U
 50  \f]
 51  
 52  Where:
 53  \vartable
 54  \vec{U} | Velocity
 55  p | Pressure
 56  \vec{R} | Stress tensor
 57  \vec{S}_U | Momentum source
 58  \endvartable
 59  
 60  Sub-models include:
 61  - turbulence modelling, i.e. laminar, RAS or LES
 62  - run-time selectable MRF and finite volume options, e.g. explicit porosity
 63  
 64  \heading Required fields
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 65  \plaintable
 66  U | Velocity [m/s]
 67  p | Kinematic pressure, p/rho [m2/s2]
 68  \<turbulence fields\> | As required by user selection
 69  \endplaintable
 70  
 71  Note
 72  The motion frequency of this solver can be influenced by the presence
 73  of "updateControl" and "updateInterval" in the dynamicMeshDict.
 74  
 75  \*--------------------------------------------------------------------------*/
 76  
 77  #include "fvCFD.H"
 78  #include "dynamicFvMesh.H"
 79  #include "singlePhaseTransportModel.H"
 80  #include "turbulentTransportModel.H"
 81  #include "pimpleControl.H"
 82  #include "CorrectPhi.H"
 83  #include "fvOptions.H"
 84  #include "localEulerDdtScheme.H"
 85  #include "fvcSmooth.H"
 86  
 87  // * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
 88  
 89  int main(int argc, char *argv[])
 90  {
 91  argList::addNote
 92  (
 93  "Transient solver for incompressible, turbulent flow"
 94  " of Newtonian fluids on a moving mesh."
 95  );
 96  
 97  //#include "postProcess.H"
 98  
 99  #include "addCheckCaseOptions.H"
 100  #include "setRootCaseLists.H"
 101  #include "createTime.H"
 102  #include "createDynamicFvMesh.H"
 103  #include "createDyMControls.H"
 104  #include "createMesh.H"
 105  #include "initContinuityErrs.H"
 106  #include "createFields.H"
 107  #include "createUfIfPresent.H"
 108  #include "CourantNo.H"
 109  #include "setInitialDeltaT.H"
 110  
 111  turbulence->validate();
 112  
 113  if (!LTS)
 114  {
 115  #include "CourantNo.H"
 116  #include "setInitialDeltaT.H"
 117  }
 118  
 119  // * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
 120  
 121  Info<< "\nStarting time loop\n" << endl;
 122  
 123  while (runTime.run())
 124  {
 125  #include "readDyMControls.H"
 126  
 127  if (LTS)
 128  {
 129  #include "setRDeltaT.H"
 130  }
 131  else
 132  {
 133  #include "CourantNo.H"
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 134  #include "setDeltaT.H"
 135  }
 136  
 137  ++runTime;
 138  
 139  Info<< "Time = " << runTime.timeName() << nl << endl;
 140  
 141  // --- Pressure-velocity PIMPLE corrector loop
 142  while (pimple.loop())
 143  {
 144  if (pimple.firstIter() || moveMeshOuterCorrectors)
 145  {
 146  // Do any mesh changes
 147  mesh.controlledUpdate();
 148  
 149  if (mesh.changing())
 150  {
 151  MRF.update();
 152  
 153  if (correctPhi)
 154  {
 155  // Calculate absolute flux
 156  // from the mapped surface velocity
 157  phi = mesh.Sf() & Uf();
 158  
 159  #include "correctPhi.H"
 160  
 161  // Make the flux relative to the mesh motion
 162  fvc::makeRelative(phi, U);
 163  }
 164  
 165  if (checkMeshCourantNo)
 166  {
 167  #include "meshCourantNo.H"
 168  }
 169  }
 170  }
 171  #include "UEqn.H"
 172  // --- Pressure corrector loop
 173  while (pimple.correct())
 174  {
 175  #include "pEqn.H"
 176  }
 177  if (pimple.turbCorr())
 178  {
 179  laminarTransport.correct();
 180  turbulence->correct();
 181  }
 182  Info<< "Solving temperature\n" << endl;
 183  #include "Tsolid.H"
 184  scalar TSResidual = solidTEqn.solve().initialResidual();
 185  #include "Tfluid.H"
 186  scalar TFResidual = fluidTEqn.solve().initialResidual();
 187  scalar globalResidual = (TSResidual + TFResidual)/2;
 188  Info<< "Global Temperature Residuals :" << globalResidual << endl;
 189  
 190  }
 191  
 192  runTime.write();
 193  
 194  runTime.printExecutionTime(Info);
 195  }
 196  
 197  Info<< "End\n" << endl;
 198  
 199  return 0;
 200  }
 201  
 202  //************************************************************************ //
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APPENDIX 8 – 

EXTERNALWALLHEATFLUXTEMPERATUREPIDFVPATCHSCALARFIELD.

C CODE

  1  /*--------------------------------------------------------------------------*\
  2  ========= |
  3  \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
  4  \\ / O peration |
  5  \\ / A nd | www.openfoam.com
  6  \\/ M anipulation |
  7  ------------------------------------------------------------------------------
  8  Copyright (C) 2011-2017 OpenFOAM Foundation
  9  Copyright (C) 2015-2020 OpenCFD Ltd.
 10  ------------------------------------------------------------------------------
 11  License
 12  This file is part of OpenFOAM.
 13  
 14  OpenFOAM is free software: you can redistribute it and/or modify it
 15  under the terms of the GNU General Public License as published by
 16  the Free Software Foundation, either version 3 of the License, or
 17  (at your option) any later version.
 18  
 19  OpenFOAM is distributed in the hope that it will be useful, but WITHOUT
 20  ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
 21  FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
 22  for more details.
 23  
 24  You should have received a copy of the GNU General Public License
 25  along with OpenFOAM. If not, see <http://www.gnu.org/licenses/>.
 26  
 27  \*-------------------------------------------------------------------------*/
 28  
 29  #include "externalWallHeatFluxTemperaturePIDFvPatchScalarField.H"
 30  #include "addToRunTimeSelectionTable.H"
 31  #include "fvPatchFieldMapper.H"
 32  #include "surfaceFields.H"
 33  #include "volFields.H"
 34  #include "physicoChemicalConstants.H"
 35  #include "OFstream.H"
 36  
 37  using Foam::constant::physicoChemical::sigma;
 38  
 39  // * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
 40  
 41  const Foam::Enum
 42  <
 43  Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::operationMode
 44  >
 45  Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::operationModeNames
 46  ({
 47  { operationMode::fixedHeatFlux, "flux" },
 48  });
 49  
 50  // * * * * * * * * * * * * * * * * Constructors * * * * * * * * * * * * * * //
 51  
 52  Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::
 53  externalWallHeatFluxTemperaturePIDFvPatchScalarField
 54  (
 55  const fvPatch& p,
 56  const DimensionedField<scalar, volMesh>& iF
 57  )
 58  :
 59  mixedFvPatchScalarField(p, iF),
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 60  temperatureCoupledBase
 61  (
 62  patch(),
 63  "undefined",
 64  "undefined",
 65  "undefined-K",
 66  "undefined-alpha"
 67  ),
 68  mode_(fixedHeatFlux),
 69  //ADDED
 70  sensorName_("wall_probe"),
 71  Tobj_(650),
 72  P_(1),
 73  I_(1),
 74  D_(1),
 75  Tave_(0),
 76  error_(0),
 77  errorIntegral_(0),
 78  oldTave_(0),
 79  oldError_(0),
 80  oldErrorIntegral_(0),
 81  timeIndex_(db().time().timeIndex()),
 82  //ADDED
 83  Q_(nullptr),
 84  q_(nullptr),
 85  h_(nullptr),
 86  Ta_(nullptr),
 87  relaxation_(1),
 88  emissivity_(0),
 89  qrRelaxation_(1),
 90  qrName_("undefined-qr"),
 91  thicknessLayers_(),
 92  kappaLayers_()
 93  {
 94  refValue() = 0;
 95  refGrad() = 0;
 96  valueFraction() = 1;
 97  }
 98  
 99  Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::
100  externalWallHeatFluxTemperaturePIDFvPatchScalarField
101  (
102  const fvPatch& p,
103  const DimensionedField<scalar, volMesh>& iF,
104  const dictionary& dict
105  )
106  :
107  mixedFvPatchScalarField(p, iF),
108  temperatureCoupledBase(patch(), dict),
109  mode_(operationModeNames.get("mode", dict)),
110  //ADDED
111  sensorName_(dict.getOrDefault<word>("sensorName", "None")),
112  Tobj_(dict.getOrDefault<scalar>("Tobj", 650)),
113  P_(dict.getOrDefault<scalar>("P", 1)),
114  I_(dict.getOrDefault<scalar>("I", 1)),
115  D_(dict.getOrDefault<scalar>("D", 1)),
116  Tave_(0),
117  error_(0),
118  errorIntegral_(0),
119  oldTave_(0),
120  oldError_(0),
121  oldErrorIntegral_(0),
122  timeIndex_(db().time().timeIndex()),
123  //ADDED
124  Q_(nullptr),
125  q_(nullptr),
126  h_(nullptr),
127  Ta_(nullptr),
128  relaxation_(dict.getOrDefault<scalar>("relaxation", 1)),
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129  emissivity_(dict.getOrDefault<scalar>("emissivity", 0)),
130  qrRelaxation_(dict.getOrDefault<scalar>("qrRelaxation", 1)),
131  qrName_(dict.getOrDefault<word>("qr", "none")),
132  thicknessLayers_(),
133  kappaLayers_()
134  {
135  switch (mode_)
136  {
137  case fixedHeatFlux:
138  {
139  q_ = PatchFunction1<scalar>::New(patch().patch(), "q", dict);
140  break;
141  }
142  }
143  
144  fvPatchScalarField::operator=(scalarField("value", dict, p.size()));
145  
146  if (qrName_ != "none")
147  {
148  if (dict.found("qrPrevious"))
149  {
150  qrPrevious_ = scalarField("qrPrevious", dict, p.size());
151  }
152  else
153  {
154  qrPrevious_.resize(p.size(), Zero);
155  }
156  }
157  
158  if (dict.found("refValue"))
159  {
160  // Full restart
161  refValue() = scalarField("refValue", dict, p.size());
162  refGrad() = scalarField("refGradient", dict, p.size());
163  valueFraction() = scalarField("valueFraction", dict, p.size());
164  }
165  else
166  {
167  // Start from user entered data. Assume fixedValue.
168  refValue() = *this;
169  refGrad() = 0;
170  valueFraction() = 1;
171  }
172  
173  h_ = PatchFunction1<scalar>::New(patch().patch(), "h", dict);
174  Ta_ = Function1<scalar>::New("Ta", dict, &db());
175  }
176  
177  Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::
178  externalWallHeatFluxTemperaturePIDFvPatchScalarField
179  (
180  const externalWallHeatFluxTemperaturePIDFvPatchScalarField& rhs,
181  const fvPatch& p,
182  const DimensionedField<scalar, volMesh>& iF,
183  const fvPatchFieldMapper& mapper
184  )
185  :
186  mixedFvPatchScalarField(rhs, p, iF, mapper),
187  temperatureCoupledBase(patch(), rhs),
188  mode_(rhs.mode_),
189  //ADDED
190  sensorName_(rhs.sensorName_),
191  Tobj_(rhs.Tobj_),
192  P_(rhs.P_),
193  I_(rhs.I_),
194  D_(rhs.D_),
195  Tave_(rhs.Tave_),
196  error_(rhs.error_),
197  errorIntegral_(rhs.errorIntegral_),
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198  oldTave_(rhs.oldTave_),
199  oldError_(rhs.oldError_),
200  oldErrorIntegral_(rhs.oldErrorIntegral_),
201  timeIndex_(rhs.timeIndex_),
202  //ADDED
203  Q_(rhs.Q_.clone()),
204  q_(rhs.q_.clone(patch().patch())),
205  h_(rhs.h_.clone(patch().patch())),
206  Ta_(rhs.Ta_.clone()),
207  relaxation_(rhs.relaxation_),
208  emissivity_(rhs.emissivity_),
209  qrPrevious_(),
210  qrRelaxation_(rhs.qrRelaxation_),
211  qrName_(rhs.qrName_),
212  thicknessLayers_(rhs.thicknessLayers_),
213  kappaLayers_(rhs.kappaLayers_)
214  {
215  if (qrName_ != "none")
216  {
217  qrPrevious_.resize(mapper.size());
218  qrPrevious_.map(rhs.qrPrevious_, mapper);
219  }
220  }
221  
222  Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::
223  externalWallHeatFluxTemperaturePIDFvPatchScalarField
224  (
225  const externalWallHeatFluxTemperaturePIDFvPatchScalarField& rhs
226  )
227  :
228  mixedFvPatchScalarField(rhs),
229  temperatureCoupledBase(rhs),
230  mode_(rhs.mode_),
231  //ADDED
232  sensorName_(rhs.sensorName_),
233  Tobj_(rhs.Tobj_),
234  P_(rhs.P_),
235  I_(rhs.I_),
236  D_(rhs.D_),
237  Tave_(rhs.Tave_),
238  error_(rhs.error_),
239  errorIntegral_(rhs.errorIntegral_),
240  oldTave_(rhs.oldTave_),
241  oldError_(rhs.oldError_),
242  oldErrorIntegral_(rhs.oldErrorIntegral_),
243  timeIndex_(rhs.timeIndex_),
244  //ADDED
245  Q_(rhs.Q_.clone()),
246  q_(rhs.q_.clone(patch().patch())),
247  h_(rhs.h_.clone(patch().patch())),
248  Ta_(rhs.Ta_.clone()),
249  relaxation_(rhs.relaxation_),
250  emissivity_(rhs.emissivity_),
251  qrPrevious_(rhs.qrPrevious_),
252  qrRelaxation_(rhs.qrRelaxation_),
253  qrName_(rhs.qrName_),
254  thicknessLayers_(rhs.thicknessLayers_),
255  kappaLayers_(rhs.kappaLayers_)
256  {}
257  
258  Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::
259  externalWallHeatFluxTemperaturePIDFvPatchScalarField
260  (
261  const externalWallHeatFluxTemperaturePIDFvPatchScalarField& rhs,
262  const DimensionedField<scalar, volMesh>& iF
263  )
264  :
265  mixedFvPatchScalarField(rhs, iF),
266  temperatureCoupledBase(patch(), rhs),
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267  mode_(rhs.mode_),
268  //ADDED
269  sensorName_(rhs.sensorName_),
270  Tobj_(rhs.Tobj_),
271  P_(rhs.P_),
272  I_(rhs.I_),
273  D_(rhs.D_),
274  Tave_(rhs.Tave_),
275  error_(rhs.error_),
276  errorIntegral_(rhs.errorIntegral_),
277  oldTave_(rhs.oldTave_),
278  oldError_(rhs.oldError_),
279  oldErrorIntegral_(rhs.oldErrorIntegral_),
280  timeIndex_(rhs.timeIndex_),
281  //ADDED
282  Q_(rhs.Q_.clone()),
283  q_(rhs.q_.clone(patch().patch())),
284  h_(rhs.h_.clone(patch().patch())),
285  Ta_(rhs.Ta_.clone()),
286  relaxation_(rhs.relaxation_),
287  emissivity_(rhs.emissivity_),
288  qrPrevious_(rhs.qrPrevious_),
289  qrRelaxation_(rhs.qrRelaxation_),
290  qrName_(rhs.qrName_),
291  thicknessLayers_(rhs.thicknessLayers_),
292  kappaLayers_(rhs.kappaLayers_)
293  {}
294  
295  // * * * * * * * * * * * * * * * Member Functions * * * * * * * * * * * * * //
296  
297  void Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::autoMap
298  (
299  const fvPatchFieldMapper& mapper
300  )
301  {
302  mixedFvPatchScalarField::autoMap(mapper);
303  // temperatureCoupledBase::autoMap(mapper);
304  
305  if (q_)
306  {
307  q_->autoMap(mapper);
308  }
309  if (h_)
310  { 
311  h_->autoMap(mapper);
312  }
313  
314  if (qrName_ != "none")
315  {
316  qrPrevious_.autoMap(mapper);
317  }
318  }
319  
320  void Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::rmap
321  (
322  const fvPatchScalarField& ptf,
323  const labelList& addr
324  )
325  {
326  mixedFvPatchScalarField::rmap(ptf, addr);
327  
328  const auto& rhs =
329  refCast<const externalWallHeatFluxTemperaturePIDFvPatchScalarField>(ptf);
330  
331  // temperatureCoupledBase::rmap(rhs, addr);
332  
333  if (q_)
334  {
335  q_->rmap(rhs.q_(), addr);

64



336  }
337  
338  if (qrName_ != "none")
339  {
340  qrPrevious_.rmap(rhs.qrPrevious_, addr);
341  }
342  }
343  
344  oid Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::updateCoeffs()
345  {
346  if (updated())
347  {
348  return;
349  }
350  //get time step
351  scalar deltaT =db().time().deltaTValue();
352  // Update the old-time quantities
353  if (timeIndex_ != db().time().timeIndex())
354  {
355  timeIndex_ = db().time().timeIndex();
356  oldTave_ = Tave_;
357  oldError_ = error_;
358  oldErrorIntegral_ = errorIntegral_;
359  }
360  const fvPatch& p = this->patch();
361  //get patch ID
362  const label sensorPatchID =
363  p.patch().boundaryMesh().findPatchID(sensorName_);
364  
365  if (sensorPatchID < 0)
366  {
367  FatalErrorInFunction
368  << "Unable to find sensor patch " << sensorName_
369  << abort(FatalError);
370  }
371  //get Patch
372  const fvPatch& sensorPatch = p.boundaryMesh()[sensorPatchID];
373  //get Temperature
374  auto& T =
375  this->db().objectRegistry::template lookupObject<volScalarField>
376  ("T");
377  const fvMesh& mesh = patch().boundaryMesh().mesh();
378  //sum Temperature
379  scalar sensorPatchT = 0;
380sensorPatchT=mag(gSum(T.boundaryField()[sensorPatchID]*mesh.Sf().boundaryField()
[sensorPatchID]));
381  // get boundary area
382  const scalar sensorArea = mag(gSum(mesh.Sf().boundaryField()[sensorPatchID]));
383  // get Tave_
384  scalar Tave_ = sensorPatchT / sensorArea;
385  // Errors
386  error_ = Tave_ - Tobj_;
387  errorIntegral_ = oldErrorIntegral_ + error_;
388  scalar errorDifferential = -(oldError_ - error_) / deltaT;
389  scalar PIDfunction = P_*error_ + I_*errorIntegral_ + D_*errorDifferential;
390  //scalar PIDfunction = P_*error_;
391  //scalar PIDfunction = P_*error_ + I_*errorIntegral_;
392  Info<< nl << " PID function :" << PIDfunction << " s"
393  << nl << " Tave :" << Tave_ << " s"
394  << nl << " Tobj :" << Tobj_ << " s" 
395  << nl << endl;
396  if (PIDfunction < 0)
397  {
398  const scalarField& Tp(*this);
399  
400  const scalarField valueFraction0(valueFraction());
401  const scalarField refValue0(refValue());
402  
403  scalarField qr(Tp.size(), Zero);
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404  if (qrName_ != "none")
405  {
406  qr =
407  qrRelaxation_
408  *patch().lookupPatchField<volScalarField, scalar>(qrName_)
409  + (1 - qrRelaxation_)*qrPrevious_;
410  
411  qrPrevious_ = qr;
412  }
413  
414  tmp<scalarField> heatFlux =
415  q_->value(this->db().time().timeOutputValue());
416  
417  refGrad() = (heatFlux + qr)/kappa(Tp);
418  refValue() = 0;
419  valueFraction() = 0;
420  
421  //valueFraction() =
422  // relaxation_*valueFraction() + (1 - relaxation_)*valueFraction0;
423  //refValue() = relaxation_*refValue() + (1 - relaxation_)*refValue0;
424  
425  mixedFvPatchScalarField::updateCoeffs(); 
426  DebugInfo
427  << patch().boundaryMesh().mesh().name() << ':' << patch().name() << ':'
428  << internalField().name() << " :"
429  << " heat transfer rate:" << gSum(kappa(Tp)*patch().magSf()*snGrad())
430  << " wall temperature "
431  << " min:" << gMin(*this)
432  << " max:" << gMax(*this)
433  << " avg:" << gAverage(*this) << nl; 
434  }
435  else
436  {
437  const scalarField& Tp(*this);
438  
439  const scalarField valueFraction0(valueFraction());
440  const scalarField refValue0(refValue());
441  
442  scalarField qr(Tp.size(), Zero);
443  if (qrName_ != "none")
444  {
445  qr =
446  qrRelaxation_
447  *patch().lookupPatchField<volScalarField, scalar>(qrName_)
448  + (1 - qrRelaxation_)*qrPrevious_;
449  qrPrevious_ = qr;
450  }
451  //refGrad() = 0;
452  //refValue() = 0;
453  //valueFraction() = 0;
454  
455  tmp<scalarField> thtcCoeff =
456  (
457  h_->value(this->db().time().timeOutputValue()) + VSMALL
458  );
459  const auto& htcCoeff = thtcCoeff();
460  scalar totalSolidRes = 0;
461  if (thicknessLayers_.size())
462  {
463  forAll(thicknessLayers_, iLayer)
464  {
465  const scalar l = thicknessLayers_[iLayer];
466  if (kappaLayers_[iLayer] > 0)
467  {
468  totalSolidRes += l/kappaLayers_[iLayer];
469  }
470  }
471  }
472  scalarField hp(1/(1/htcCoeff + totalSolidRes));
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473  const scalar Ta =
474  Ta_->value(this->db().time().timeOutputValue());
475  scalarField hpTa(hp*Ta);
476  const scalarField kappaDeltaCoeffs
477  (
478  this->kappa(Tp)*patch().deltaCoeffs()
479  );
480  refGrad() = 0;
481  forAll(Tp, i)
482  {
483  refValue()[i] = (hpTa[i] + qr[i])/hp[i];
484  valueFraction()[i] = hp[i]/(hp[i] + kappaDeltaCoeffs[i]);
485  }
486  
487  //valueFraction() =
488  // relaxation_*valueFraction() + (1 - relaxation_)*valueFraction0;
489  //refValue() = relaxation_*refValue() + (1 - relaxation_)*refValue0;
490  
491  mixedFvPatchScalarField::updateCoeffs();
492  DebugInfo
493  << patch().boundaryMesh().mesh().name() << ':' << patch().name() << ':'
494  << internalField().name() << " :"
495  << " heat transfer rate:" << gSum(kappa(Tp)*patch().magSf()*snGrad())
496  << " wall temperature "
497  << " min:" << gMin(*this)
498  << " max:" << gMax(*this)
499  << " avg:" << gAverage(*this) << nl;
500  } 
501  }
502
503  void Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField::write
504  (
505  Ostream& os
506  ) const
507  {
508  fvPatchScalarField::write(os);
509  
510  os.writeEntry("mode", operationModeNames[mode_]);
511  temperatureCoupledBase::write(os);
512  
513  if (Q_)
514  {
515  Q_->writeData(os);
516  }
517  if (q_)
518  {
519  q_->writeData(os);
520  }
521  
522  if (Ta_)
523  {
524  Ta_->writeData(os);
525  }
526  
527  os.writeEntry("qr", qrName_);
528  
529  if (qrName_ != "none")
530  {
531  os.writeEntry("qrRelaxation", qrRelaxation_);
532  
533  qrPrevious_.writeEntry("qrPrevious", os);
534  }
535  
536  refValue().writeEntry("refValue", os);
537  refGrad().writeEntry("refGradient", os);
538  valueFraction().writeEntry("valueFraction", os);
539  //ADDED//
540  os.writeEntry("Tobj", Tobj_);
541  os.writeEntry("sensorName", sensorName_);
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542  os.writeEntry("P", P_);
543  os.writeEntry("I", I_);
544  os.writeEntry("D", D_);
545  os.writeEntry("error", error_);
546  os.writeEntry("errorIntegral", errorIntegral_);
547  Info<< nl << " Gradient :" << refValue() << " s"
548  << nl << endl;
549  //ADDED//
550  writeEntry("value", os);
551  }
552  
553  // * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
554  
555  namespace Foam
556  {
557  makePatchTypeField
558  (
559  fvPatchScalarField,
560  externalWallHeatFluxTemperaturePIDFvPatchScalarField
561  );
562  }
563  
564   //
************************************************************************* //

APPENDIX 9 – 

EXTERNALWALLHEATFLUXTEMPERATUREPIDFVPATCHSCALARFIELD.

H CODE

  1  /*--------------------------------------------------------------------------*\
  2    =========                 |
  3    \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox
  4     \\    /   O peration     |
  5      \\  /    A nd           | www.openfoam.com
  6       \\/     M anipulation  |
  7  ------------------------------------------------------------------------------
  8      Copyright (C) 2011-2017 OpenFOAM Foundation
  9      Copyright (C) 2020 OpenCFD Ltd.
 10  ------------------------------------------------------------------------------
 11  License
 12      This file is part of OpenFOAM.
 13  
 14      OpenFOAM is free software: you can redistribute it and/or modify it
 15      under the terms of the GNU General Public License as published by
 16      the Free Software Foundation, either version 3 of the License, or
 17      (at your option) any later version.
 18  
 19      OpenFOAM is distributed in the hope that it will be useful, but WITHOUT
 20      ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
 21      FITNESS FOR A PARTICULAR PURPOSE.  See the GNU General Public License
 22      for more details.
 23  
 24      You should have received a copy of the GNU General Public License
 25      along with OpenFOAM.  If not, see <http://www.gnu.org/licenses/>.
 26  
 27  Class
 28      Foam::externalWallHeatFluxTemperaturePIDFvPatchScalarField
 29  
 30  Group
 31      grpThermoBoundaryConditions grpWallBoundaryConditions
 32  
 33  Description
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 34      This boundary condition applies a heat flux condition to temperature
 35      on an external wall in one of three modes:
 36  
 37        - fixed power: supply Q
 38        - fixed heat flux: supply q
 39        - fixed heat transfer coefficient: supply h and Ta
 40  
 41      where:
 42      \vartable
 43          Q  | Power [W]
 44          q  | Heat flux [W/m^2]
 45          h  | Heat transfer coefficient [W/m^2/K]
 46          Ta | Ambient temperature [K]
 47      \endvartable
 48  
 49      For heat transfer coefficient mode optional thin thermal layer resistances
 50      can be specified through thicknessLayers and kappaLayers entries.
 51  
 52      The thermal conductivity \c kappa can either be retrieved from various
 53      possible sources, as detailed in the class temperatureCoupledBase.
 54  
 55      The ambient temperature Ta is specified as a Foam::Function1 of time but
 56      uniform in space.
 57  
 58  Usage
 59      \table
 60      Property    | Description                              | Required |
Default
 61      mode        | 'power', 'flux' or 'coefficient'         | yes |
 62      Q           | Power [W]                              | for mode 'power' |
 63      q           | Heat flux [W/m^2]                       | for mode 'flux' |
 64      h         | Heat transfer coefficient [W/m^2/K] | for mode 'coefficient' |
 65      Ta          | Ambient temperature [K]           | for mode 'coefficient' |
 66      thicknessLayers | Layer thicknesses [m]                | no  |
 67      kappaLayers | Layer thermal conductivities [W/m/K]     | no  |
 68      relaxation  | Relaxation for the wall temperature      | no  | 1
 69      emissivity  | Surface emissivity for radiative flux to ambient | no | 0
 70      qr          | Name of the radiative field              | no  | none
 71      qrRelaxation | Relaxation factor for radiative field   | no  | 1
 72      kappaMethod | Inherited from temperatureCoupledBase    | inherited |
 73      kappa       | Inherited from temperatureCoupledBase    | inherited |
 74      \endtable
 75  
 76      Example of the boundary condition specification:
 77      \verbatim
 78      <patchName>
 79      {
 80          type            externalWallHeatFluxTemperature;
 81  
 82          mode            coefficient;
 83  
 84          Ta              constant 300.0;
 85          h               constant 10.0;
 86          thicknessLayers (0.1 0.2 0.3 0.4);
 87          kappaLayers     (1 2 3 4);
 88  
 89          kappaMethod     fluidThermo;
 90  
 91          value           $internalField;
 92      }
 93      \endverbatim
 94  
 95  Note
 96      Quantities that are considered "global" (eg, power, ambient temperature)
 97      can be specified as Function1 types.
 98      Quantities that may have local variations (eg, htc, heat-flux)
 99      can be specified as PatchFunction1 types.
100  
101  See also
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102      Foam::temperatureCoupledBase
103      Foam::mixedFvPatchScalarField
104  
105  SourceFiles
106      externalWallHeatFluxTemperaturePIDFvPatchScalarField.C
107  
108  \*--------------------------------------------------------------------------*/
109  
110  #ifndef externalWallHeatFluxTemperaturePIDFvPatchScalarField_H
111  #define externalWallHeatFluxTemperaturePIDFvPatchScalarField_H
112  
113  #include "mixedFvPatchFields.H"
114  #include "temperatureCoupledBase.H"
115  #include "PatchFunction1.H"
116  
117  // * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
118  
119  namespace Foam
120  {
121  
122  /*--------------------------------------------------------------------------*\
123        Class externalWallHeatFluxTemperaturePIDFvPatchScalarField Declaration
124  \*--------------------------------------------------------------------------*/
125  
126  class externalWallHeatFluxTemperaturePIDFvPatchScalarField
127  :
128      public mixedFvPatchScalarField,
129      public temperatureCoupledBase
130  {
131  public:
132  
133      // Public Data
134  
135          //- Operation mode enumeration
136          enum operationMode
137          {
138              fixedPower,             //!< Heat power [W]
139              fixedHeatFlux,          //!< Heat flux [W/m2]
140          };
141  
142          static const Enum<operationMode> operationModeNames;
143  
144  
145  private:
146  
147      // Private Data
148  
149          //- Operation mode
150          operationMode mode_;
151  
152          //- Heat power [W]
153          autoPtr<Function1<scalar>> Q_;
154  
155          //- Heat flux [W/m2]
156          autoPtr<PatchFunction1<scalar>> q_;
157  
158  //- Heat flux coeficient [W/m2K
159          autoPtr<PatchFunction1<scalar>> h_;
160  
161          //- Ambient temperature [K]
162          autoPtr<Function1<scalar>> Ta_;
163  
164          //- Relaxation for the wall temperature (thermal inertia)
165          scalar relaxation_;
166  
167          //- Optional surface emissivity for radiative transfer to ambient
168          scalar emissivity_;
169  
170          //- Cache qr for relaxation
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171          scalarField qrPrevious_;
172  
173          //- Relaxation for qr
174          scalar qrRelaxation_;
175  
176          //- Name of the radiative heat flux
177          const word qrName_;
178  
179          //- Thickness of layers
180          scalarList thicknessLayers_;
181  
182          //- Conductivity of layers
183          scalarList kappaLayers_;
184          //ADDED for PID
185          //- Name of the sensor patch
186          const word sensorName_;
187  
188          //- Desired Temperature
189          const scalar Tobj_;
190          
191          //- Proportional gain
192          const scalar P_;
193  
194          //- Integral gain
195          const scalar I_;
196  
197          //- Derivative gain
198          const scalar D_;
199  
200          //- Average Temperature
201          scalar Tave_;
202  
203          //- Error
204          scalar error_;
205  
206          //- Error integral w.r.t. time
207          scalar errorIntegral_;
208  
209          //- Old Average Temperature
210          scalar oldTave_;
211  
212          //- Old error
213          scalar oldError_;
214  
215          //- Old error integral w.r.t. time
216          scalar oldErrorIntegral_;
217  
218          //- Time index of the last update
219          label timeIndex_;
220  
221  public:
222  
223      //- Runtime type information
224      TypeName("externalWallHeatFluxTemperaturePID");
225  
226  
227      // Constructors
228  
229          //- Construct from patch and internal field
230          externalWallHeatFluxTemperaturePIDFvPatchScalarField
231          (
232              const fvPatch&,
233              const DimensionedField<scalar, volMesh>&
234          );
235  
236          //- Construct from patch, internal field and dictionary
237          externalWallHeatFluxTemperaturePIDFvPatchScalarField
238          (
239              const fvPatch&,
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240              const DimensionedField<scalar, volMesh>&,
241              const dictionary&
242          );
243  
244          //- Construct by mapping given
245          //  externalWallHeatFluxTemperaturePIDFvPatchScalarField
246          //  onto a new patch
247          externalWallHeatFluxTemperaturePIDFvPatchScalarField
248          (
249              const externalWallHeatFluxTemperaturePIDFvPatchScalarField&,
250              const fvPatch&,
251              const DimensionedField<scalar, volMesh>&,
252              const fvPatchFieldMapper&
253          );
254  
255          //- Construct as copy
256          externalWallHeatFluxTemperaturePIDFvPatchScalarField
257          (
258              const externalWallHeatFluxTemperaturePIDFvPatchScalarField&
259          );
260  
261          //- Construct and return a clone
262          virtual tmp<fvPatchScalarField> clone() const
263          {
264              return tmp<fvPatchScalarField>
265              (
266                new externalWallHeatFluxTemperaturePIDFvPatchScalarField(*this)
267              );
268          }
269  
270          //- Construct as copy setting internal field reference
271          externalWallHeatFluxTemperaturePIDFvPatchScalarField
272          (
273              const externalWallHeatFluxTemperaturePIDFvPatchScalarField&,
274              const DimensionedField<scalar, volMesh>&
275          );
276  
277          //- Construct and return a clone setting internal field reference
278          virtual tmp<fvPatchScalarField> clone
279          (
280              const DimensionedField<scalar, volMesh>& iF
281          ) const
282          {
283              return tmp<fvPatchScalarField>
284              (
285             new externalWallHeatFluxTemperaturePIDFvPatchScalarField(*this, iF)
286              );
287          }
288  
289  
290      // Member functions
291  
292          // Access
293  
294              //- Allow manipulation of the boundary values
295              virtual bool fixesValue() const
296              {
297                  return false;
298              }
299  
300  
301          // Mapping functions
302  
303              //- Map (and resize as needed) from self given a mapping object
304              virtual void autoMap
305              (
306                  const fvPatchFieldMapper&
307              );
308  
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309              //- Reverse map the given fvPatchField onto this fvPatchField
310              virtual void rmap
311              (
312                  const fvPatchScalarField&,
313                  const labelList&
314              );
315  
316  
317          // Evaluation functions
318  
319              //- Update the coefficients associated with the patch field
320              virtual void updateCoeffs();
321  
322  
323          // I-O
324  
325              //- Write
326              void write(Ostream&) const;
327  };
328  
329  
330  // * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
331  
332  } // End namespace Foam
333  
334  // * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * //
335  
336  #endif
337  
338 // ************************************************************************* //
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